Active immunity to Brucella abortus was induced in adult female rabbits. Tliey were mated a week after the last injection of antigen and were killed and the yolk-sac contents of the embryos tested for agglutinins 8J days after copulation. Specific agglutinins were found to be present in the yolk-sac contents in all cases. The titre varied significantly from embryo to embryo in the same litter, and was in some as high as that in the maternal serum at the time of killing.
I t has been shown (Brambell & Hemmings 1948) by means of electrophoretic and ultracentrifuge studies, th a t the yolk-sac fluid of rabbit embryos 7 and 8 days post-coitum contains albumen, a-, /?-and -/-globulins and fibrinogen in similar proportions relative to each other as in the maternal plasma. The known im munological significance of -/-globulins in the conveyance of specific antibodies suggested th a t proof of the maternal origin of these globulins could be obtained if one or other such specific antibody could be identified in yolk-sac fluid. The simplicity with which the agglutinin can be detected made it the antibody of choice for this work, and since Brucella abortus, the causal organism of a specific 'infectious abortion' in cattle, is capable of stimulating antibody production of this type in rabbits, this was used as the necessary antigen. The result of the initial experiments, undertaken with this object, led to further investigations. The work described herein is the outcome.
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Antibodies in rabbit embryos
T e c h n i q u e
The methods employed of killing and collecting the yolk-sac fluid have been described already (Brambell & Hemmings 1948) . A standardized carbolized suspension of Br. abortus, as used in routine agglutination tests of bovine sera, was employed, both for inducing active immunity in the rabbits and for setting up the agglutination tests. Active immunity was induced by three successive subcutaneous inoculations with 0-5, 0*8 and 1-0 ml. of the antigen a t intervals of 3 days between each dose. Blood samples were taken from the ear vein and were tested for specific circulating antibody before the first and after the last inoculation. Passive im munity was obtained by the injection of bovine sera of known titre (1/640 to 1/1280) which were available in the laboratory and one of high titre (1/5120) which was specially prepared for us by Professor Dalling. Subcutaneous injection of 10 ml. failing to produce a sufficient titre in the circulation owing to the rate of absorption relative to the rate of disappearance being too low, intravenous injection was employed. I t was found th a t 5 to 6 ml. was the maximum dose th a t could be administered with safety by this route, as 10 ml. resulted in death in 2 min.
The standardized agglutination test as used in the detection of Br. abortus agglutinins in bovine sera was used. Serial dilutions of 1/10 to 1/5120 of the test fluid were set up and equal volumes of the antigen added. The tubes were then incubated a t 37° C for 20 hr. and read against a light of standard intensity. Readings were recorded as follows: 
O b s e r v a t i o n s
Passage of homologous antibody into the yolk-sac fluid
Two experiments were performed. Four rabbits, one control (13,766) and three experimental (13,716, 13,719 and 13,722) , were employed in the first experiment. Active immunity was induced in the experimental animals which were mated on the 8th day after the last injection of antigen, the control being mated a t the same time They were killed a t 8 day$ 15 hr. post-coitum by a lethal dose of Nembutal administered intravenously. All four were pregnant and the yolk-sac fluid of one embryo only from each animal was tested.
Three experimental rabbits (13,764, 13,765 and 13,807) were employed in the second experiment. Active immunity was induced and they were mated on the 6th day after the last injection of antigen. They were killed a t 8 days 17 hr. postcoitum by bleeding under ether anaesthesia following intravenous injection of Nembutal. All three were pregnant and the yolk-sac fluid from each embryo was tested. The results of the tests of the maternal sera and of the yolk-sac fluids are given in tables 1 and 2 (see pp. 392,393). Specific agglutinins were found to be present in the yolk-sac fluid of all the embryos tested from all six experimental animals and were absent from the control. Attention is drawn to what is regarded as a surprisingly high titre in the yolk-sac fluid in relation to th at in the maternal serum at the time of killing and to the clearly significant difference in titre between the yolk-sac fluids of the various embryos of a fitter, which can be seen in each fitter in table 2.
25-3 T a b l e 1. T h e p a s s a g e o p h o m o l o g o u s a g g l u t i n i n s p r o m t h e m a t e r n a l c ir c u l a t io n in t o
Passage of heterologous antibody into the yolk-sac fluid
The observation th at homologous antibody passes freely into the yolk-sac through the trophoblast and the entoderm, presumably, of the bilaminar omphalopleur suggested th at it was desirable to test whether heterologous antibody behaved in a similar manner. Bovine serum having a high titre of agglutinin for Br. abortus was injected intravenously into 7-to 9-day pregnant rabbits, the blood of which was previously tested and found to be free of agglutinins. The blood was again tested and the animals were killed 10 to 17 hr. after injection by the magnesium chloride method, and the yolk-sac fluid of the embryos was collected and tested. Four such experiments were performed.
The first experiment included two animals, one (13,844) being used as a control and injected with 5 ml. immune rabbit serum of 1/1280 titre, and the other (13,802) injected with 5 ml. immune bovine serum of equivalent titre at 7 days 12 hr. postcoitum, so as to obtain approximately equal titres in the maternal blood. Both were killed at 8 days 1 hr. post-coitum and the results are given in table 3.
The second experiment included two animals (13,803 and 13,808), both of which were injected with 5 ml. of bovine serum of 1/1280 titre at 7 days 14 hr. postcoitum. They were killed at 8 days 1 hr. and 8 days 0 hr. post-coitum respectively. The results are given in table 4. All the embryos in the fitter of 13,808 were ab normally small, and difficulty was experienced in collecting fluid from them. From some no fluid was obtained and from others so little th at it was necessary to resort to combining fluid from two or more embryos to obtain sufficient for testing. Only one of the three samples showed any trace of agglutination, and even this could not be regarded as significant. I t is probable th at all the embryos in this fitter were reabsorbing, and th at death had occurred a t or before the time of injection.
The third experiment included two animals (13,778 and 13,781), both of which were injected with 5 ml. of bovine serum of 1/640 titre at 9 days 1 hr. post-coitum. They were killed at 9 days 13 hr. and 9 days 12 hr. post-coitum respectively. The results are given in table 5. Although all the embryos tested appeared normal and perfectly healthy, none, from either fitter, gave any positive reaction at the lowest titre of 1/10. This result is in accord with those obtained with Evans blue (Brambell & Hemmings 1948) , in which the concentration of dye attained in the yolk-sac fluid declines with age at injection and is not detectable when injected at or after 8 days 20 hr.
The fourth experiment included two animals (13,771 and 13,772), both of which were injected with 5 ml. of bovine serum of 1/5120 titre at 7 days 22 hr. postcoitum. They were killed at 8 days 15 hr. and 8 days 13 hr. post-coitum respectively. The results are given in table 6. 
ref. number 13,803 13,808 T h e p a s s a g e o f h e t e r o l o g o u s a g g l u t i n i n s p r o m t h e m a t e r n a l c ir c u l a t i o n i n t o t h e y o l k
-sa c f l u i d titre _____________________________ 1 __________________ I ________________ A_____________________ ' --------------------------------------------t
Passage of homologous antibody into the embryo after the 15 day of gestation
The demonstration of the presence of antibodies in the yolk-sac fluid raised the question of whether the yolk-sac contained the whole supply to the embryo. If so, then no more maternal antibodies should reach the embryo after the 15th day of gestation, by which time the bilaminar omphalopleur in the rabbit has disappeared and the entoderm of the yolk-sac splanchnopleur is exposed to the uterine lumen. Any subsequent absorption of maternal antibodies might take place either through the yolk-sac splanchnopleur, the entoderm of which is in contact with, but not fused to, the reformed uterine epithelium or through the aflantochorionic placenta. Rodolfo (1934) had shown th a t the titre of Br. abortus agglutinin and of haemolysin to sheep red blood corpuscles in the blood of foetuses of immunized rabbits rises continuously from the 22nd day of gestation to full term, the rate of increase reaching a maximum on the 27th day. Since in his experiments the rabbits were immunized before mating his results appeared to require confirmation on the question at issue. Consequently it was decided to induce active immunity to Br. abortus in pregnant rabbits after the 15th day of gestation and to test the blood of the newborn young before they had suckled. Five rabbits were employed, two (13,740 and 13,769) being used as controls and three (13,739, 13,760 and 13,768) being immunized. The three experimental animals were given the first of three doses of antigen a t 14 days 16 hr. post-coitum and the last a t 27 days. The animals were kept under observation while littering, and the young to be tested a t birth were removed as soon as they were born before they had suckled. A newborn young from each of two of the immunized animals was fostered on a control and tested 2 days later. Blood to be tested was removed by cardiac puncture under ether anaesthesia. The results are given in table 7.
. D i s c u s s i o n
The experimental results demonstrate th a t agglutinin for Br.
, whether actively or passively acquired, passes freely from the maternal circulation into the yolk-sac cavities of embryo rabbits on the 7th and 8th days post-coitum. The fact th a t the agglutinin passively acquired by the mother, inoculated with immune serum, is to be found a few hours later in the yolk-sac fluid of the embryos precludes all possibility th at it was formed there. The retention of its immunological identity by the agglutinin after its passage through the yolk-sac wall, presumably the bilaminar omphalopleur, constitutes the most delicate test th a t we could devise to prove th a t protein remains unaltered in transit. This evidence, in addition to th a t presented already (Brambell & Hemmings, and McCarthy & Kekwick 1948) regarding the other plasma proteins, can leave little room for doubt th at proteins can pass unchanged and rapidly through the yolk-sac wall of the embryo.
I t was thought possible th at the embryonic trophoblast might display specificity in the selection of proteins, and th a t it might be permeable only to homologous proteins. The experiments with bovine agglutinating sera negative this supposition and show th a t the yolk-sac wall is a t least as permeable to the heterologous, as it is to the homologous, protein. The blastocyst of the rabbit is expanding rapidly on the 7th and 8th days. This expansion is due, almost entirely, to augmentation of the yolk-sac fluid, since the volume of embryonic tissue is only a small fraction of that of the yolk-sac contents. The membrane forming the thin wall of the yolk-sac possesses the remarkable property of being freely permeable to all the plasma proteins, which pass through it apparently unaltered and in proportions which appear to be relative to their concentrations and not to their molecular size, as the blastocyst is expanding.
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. T h e p a s s a g e o f h e t e r o l o g o u s a g g l u t i n i n s f r o m t h e m a t e r n a l c i r c u l a t i o n in t o t h e y
. T h e p a s s a g e o e h o m o l o g o u s a g g l u t i n in s f r o m t h e m a t e r n a l c ir c u l a t io n i n t o THE EMBRYO AFTER THE
The results of many of the experiments display variations in titre of agglutinins in the yolk-sac fluid among the several embryos in a litter, which are clearly significant. Should this variation mean that some of the blastocysts admit globulins more freely than others during their development, then this finding might well have additional importance in studies of intra-uterine immunity.
A great deal of work has been done on the transmission of antibodies from mother to young in mammals, and since the extensive literature of the subject has been reviewed by several authors (Needham, 1931; Marrack 1946; McGirr 1947) , to whom reference may be made, a brief summary of the present status of the problem will suffice here. Young mammals appear to derive, initially, all their antibodies from the mother. According to present knowledge, limited to a comparatively few species, they fall into two groups, depending on whether they obtain all their maternal antibodies after birth, through the colostrum, or whether they obtain them mainly before birth, through the placenta.
Cattle, sheep, goats, horses and pigs belong to the first group (Mason, Dalling & Gordon 1930; Marrack 1946; McGirr 1947) . The newborn young of these species have no antibodies in their blood before they have suckled. The mother secretes antibodies in the colostrum, the titre of which is as high, or higher than, that of the maternal serum. This is true both of homologous antibodies, actively formed in the body of the mother, and of heterologous antibodies injected into her body shortly before parturition. The antibodies, whether homologous or heterologous, pass rapidly from the gut into the circulation of the newborn young. So rapid is the passage th at the titre in the serum of the newborn may equal, or even exceed, that of the mother a few hours after the first feed. Thereafter this permeability of the gut of the newborn young to antibodies rapidly declines and is soon lost.
Man, rabbits and guinea-pigs belong to the second group, the young deriving the greater part of their antibodies from the mother while still in the uterus, though these may be augmented by secretion in the colostrum and absorption through the gut after birth. Both homologous and heterologous antibodies can pass into the embryos in these animals.
The view was advanced by K uttner & Ratner (1923) th at the permeability of the placenta is related to its structure. Grosser's (1927) well-known classification of allantochorionic placentae is based on the number of tissues intervening between the maternal and foetal bloods in the fully formed placenta. Primitively there are six, the endothelium, connective tissue, and uterine epithelium of the mother and the trophoblast, mesenchyme and endothelium of the foetus. All these layers persist in the epitheliochorial placentae of pigs and horses, and only the uterine epithelium disappears in the syndesmochorial placentae of cattle, sheep and goats. All the intervening maternal tissues disappear in man and the rodents, so th a t the maternal blood bathes the surface of the foetal tissues. The human placenta is classed, therefore, as haemochorial. Mossman (1926 Mossman ( ,1937 has shown th a t in many rodents, including rabbits, guinea-pigs, rats and mice, the foetal capillaries project from the surface of the trophoblast into the lacunae of maternal blood, so th a t only the foetal capillary endothelium separates the two bloods a t these points, and he distinguishes such placentae as haemoendothelial. The endotheliochorial placentae of carnivores occupy an intermediate position structurally, since the maternal endothelium as well as all the foetal tissues persist, but from the functional aspect, although it is known th a t the young of cats and dogs obtain antibodies through the colostrum, the evidence is somewhat conflicting as to whether they can pass the placentae, and it would be premature to conclude th at they are physiologically intermediate. The view th a t the permeability of the placenta depends on the number of tissues intervening between the maternal and foetal blood streams fits the facts th a t antibodies do not pass epitheliochorial or syndesmochorial placentae and do pass in species which have haemochonal or haemoendothelial placentae. There are, however, several difficulties in the way of accepting the hypothesis as its stands. First, Kerr & Robertson (19435 *947) have shown th at the antigen of Trichomonas foetus is absorbed from the uterine lumen in cattle with the consequent production of active immunity in the blood, and th a t antibody can be demonstrated in the uterine secretion of animals sensitized in this way. Thus the very tissues, uterine connective tissue and endothelium, th a t are supposed to prevent the passage of antibodies from the maternal blood to the embryo in the syndesmochorial placenta of the cow, with the intact uterine epithelium in addition, permit the passage of antigen from the uterine lumen into the tissues and of antibody from the tissues into the lumen. Further, Barcroft, Danielli, Harper & Mitchell (1944) have shown th a t serum albumen marked with a disazo dye chemically attached to it by a diazo linkage can migrate a t a rate greater than can be accounted for by diffusion through the mesenchyme forming W harton's jelly in the umbilical cords of foetal sheep. They point out th a t W harton's jelly is continuous with a similar tissue in the placental cotyledons. These observations, taken together, suggest th a t it is the trophoblast, and not the tissues between it and either the maternal or foetal blood, which is the barrier in ungulate placentae.
Moreover, the view th a t the passage of antibodies from mother to foetus depends on the number of tissues in the placenta intervening between the two blood streams involves the assumption th a t the aflantochorionic placenta is the route. Little attention has been paid to the possibility th a t the yolk-sac might provide an alternative route in some mammals, notably the rodents. Yet Brunschwig (1927) has shown th a t the passage of sodium ferrocyanide and of ferric ammonium citrate into the embryo ra t on the 9th day of development takes place through the yolk-sac, and not through the ectoplacental cone, which is the anlage of the allantochorionic placenta. Everett (1935) , however, maintains th a t Reichert's membrane prevents the passage of ferric ammonium citrate into the yolk-sac of the rat, although it permits the passage of trypan blue. He claims th a t trypan blue reaches the embryo rat from the maternal circulation through the yolk-sac placenta before it appears in the allantoic vessels. We have shown that antibodies pass in through the yolk-sac wall of embryo rabbits on the 7th and 8th days, together with all the other plasma proteins. It has not been possible, as yet, to test whether antibodies once within the yolk-sac cavity can pass from there into the foetal circulation, but there is no reason to suppose that they cannot. Since, in all the mammals mentioned above, the gut wall of the newborn young is known to be permeable to antibodies, this permeability rapidly declining after the first feed, it is reasonable to assume, in the absence of direct evidence, that the gut wall of the unborn young may be permeable also. The yolk-sac cavity is morphologically an extension of the lumen of the gut, with which it is in continuity, and its vascular splanchnic wall is histologically comparable to the gut wall. Hence it appears probable th at anti bodies could pass through the yolk-sac splanchnopleur into the vitelline circulation.
The bilaminar omphalopleur in the rabbit breaks down and disappears before the 15th day of gestation, thereby opening the yolk-sac cavity to the uterine lumen and leaving the entoderm of the inverted yolk-sac splanchnopleur exposed to the reformed uterine epithelium. Although the entoderm of the yolk-sac splanchnopleur is thereafter contiguous to, or even in contact with, the uterine epithelium, it is not in histological continuity with it, as is the bilaminar omphalopleur at earlier stages, since it does not possess the invasive properties of the trophoblast. Although we have demonstrated th at antibodies pass into the embryo rabbit from the maternal circulation after the 15th day of gestation, no evidence is available* as to whether they do so through the yolk-sac splanchnopleur or through the allantochorionic placenta at this stage.
The yolk-sac in the human embryo, unlike those of the rodents, is separated from the chorion by the exocoele from the beginning, so th at no omphalopleur is formed. Hence in man the allantochorionic placenta provides the only probable route into the embryo.
Since antibodies pass through the bilaminar omphalopleur in the rabbit, per meability to them is not limited to the allantochorionic placenta, but is rather a property of the trophoblast as a whole. The work of Kerr & Robertson (1943 , 1947 and of Barcroft et al. (1944) , referred to above, indicates th at the trophoblast is the barrier to the passage of antibodies to the embryos in ruminants. I t is well known th at the trophoblast of man and the rodents possesses invasive or histolytic properties which the trophoblast of the ungulates lacks and we would suggest therefore, as a tentative working hypothesis, th at the permeability of the embryonic membranes to proteins may be related to this property of the trophoblast, and not to the number of tissues intervening between the maternal and foetal tissues in the placenta.
* We have succeeded in demonstrating, since this paper was submitted for publication, that the passage of specific antibodies from the mother into the embryos of 23 to 25 days post coitum in rabbits takes place via the yolk-sac spl detectable amount through the allantochorionic placenta. An account of the technique employed, involving surgical interruption of the omphaloidean circulation of some, but not all, of the embryos in utero, and of the results obtained, is in preparation.
